ABSTRACT
INTRODUCTION
Transition from 10 kV to 20 kV as a future single MV operating voltage level is a strategic goal set by HEP Distribution System Operator. It is a long term process that is systematically conducted on the area-by-area basis depending on availability of assets, status of the network, results of the conducted studies and analyses and other criteria. Historically, utilities had the luxury of examining each capital project independently from other capital projects being proposed. The established technical performance guidelines, such as the typical N-1 rule, determined whether or not to build the project. In the areas where specific guidelines were not in place, the benefits of each project were evaluated, often based on common engineering practices and without any thorough analysis, again independently from other projects, and if they were higher than costs, the project was built. As budget levels remain constant or decline, the proper allocation of the resources becomes increasingly important and projects can no longer be evaluated independently, but rather must be compared to each other. If one project is built, another one will have to be dropped or at least postponed. The investments in the final stage of the transition from 10 kV to 20 kV in a specific area, as well as prioritizing among a number of areas (projects) should proceed only after considering all the important criteria. Due to a number and mutual differences of the criteria that should be taken into account while deciding on prioritizing the investments among a number of distribution areas, multicriterial methods such as benchmarking, Fuzzy logic, portfolio management and Analytic Hierarchy Process (AHP) are used. The AHP is a mathematical method for multicriterial decision making. It enables making decisions involving many kinds of concerns including planning, setting priorities, selecting the best among a number of alternatives and allocating resources. The AHP was developed to assist in making decisions where competing and/or conflicting evaluation criteria make a decision difficult [1] . The first step of AHP is to clearly state the goal and recognize the alternatives that could lead to it. Since there are often many criteria considered important in making a decision, the next step in AHP is to develop a hierarchy of the criteria with the more general criteria at the top of the hierarchy. Each top level criteria is then examined to check if it can be decomposed into subcriteria. The next step in the AHP is to determine the relative importance of each criterion against all the other criteria it is associated with, i.e. establish weights for each criterion. The final step in the AHP is each alternative (project) to be compared against all other alternatives on each criterion on the bottom of the hierarchy of the criteria. The result will be a hierarchy of the alternatives complying with the staged goal according to the defined hierarchy of the criteria and their weights.
AHP MODEL FOR TRANSITION TO 20 KV
The project described in this paper started with a series of presentations on AHP method to the staff and management closely involved in preparation and approval of the investment plans. When the willingness to accept the idea and contribute to the development of the model was achieved, the next step was a formation of a team of experts whose task was to assist in preparing the AHP model. The HEP DSO members of the team come from the management responsible for the investment prioritizing, technical experts on different issues that were experienced to occur during the transition from 10 kV to 20 kV voltage level and employees experienced in operation of the distribution system both in general and during the final transition process. Such a composition of the team was necessary because it is still common that important Prague, 8-11 June 2009
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Paper No 0723 information is only available in manual archives or as "silent knowledge" in memories of the experienced employees. Additional members of the team come from the Energy Institute Hrvoje Pozar as a consultant responsible for the whole project. Such an ability to include expertise of many individuals and groups in a single hierarchy is an important advantage of AHP.
As a next step a workshop was organized to present the AHP method to the assembled team of experts and initiate the main part of the modeling process: selection and weighing of the criteria to be considered as most important when deciding on the transition from 10 kV to 20 kV voltage level. Following the workshop the questionnaire was conducted regarding the availability of the data that could be used in the AHP model. Answers received influenced to some extent the next, the most important step: the selection and weighing of the criteria to be considered in the model. Finally, the data required for the model were gathered for 24 out of about 80 basic distribution areas within HEP DSO responsibility as a basis for testing and fine tuning of the model. Everything was transferred to an Excel spreadsheet in which the entire AHP model is developed.
Definition of the goal and alternatives
The goal is a global classification of the entire HEP DSO distribution network in sense of feasibilities, needs and benefits for the transition to 20 kV voltage level.
There are about 80 basic distribution areas that are to be considered as the alternatives in the model. Since this is quite a large number to be processed one-by-one within the AHP method, a number of simplifications is used both in the selection of the criteria and comparison of the alternatives by those criteria. By significantly improving the efficiency of the evaluation of the alternatives against the defined criteria, those simplifications enable a global view on the subject in sense of covering the entire distribution network in a single analysis. The downside of the method is naturally the reduced level of thoroughness of the analysis. However, after the classification of about 80 basic distribution areas in a few groups according to the perspective for the transition to 20 kV, all the necessary detailed studies can and should be conducted for the areas identified as possible candidates for the immediate transition from 10 kV to 20 kV. The paper is an overview of the project conducted to develop the method and procedure based on a selected representative sample of 24 basic distribution areas. The load of the network in fact comprises a broader approach than a simple comparison of the peak loads of the network components relative to their rated powers. This is strictly true only for 110/MV and 35/MV substations and less so for 35 kV lines due to limitations on voltage drop in addition to simple current load. Regarding the 10 kV network, "load" is due to a huge number of segments and uncertainties of the data on their loads defined as a product of average feeder length and energy served through it. The consumption trends are modelled relatively simply, as a 5-year average for the entire observed distribution area. Within the joint load+trend criteria load is regarded more than twice as important as trend, because it indicates not only a need for the network upgrade but also benefits from it through reduction of losses and increase of the continuity of supply.
Definition of criteria
The voltage quality is a simple criterion defined as a share of customers with irregular voltage. The continuity of supply consists of two subcriteria, SAIDI and SAIFI, with the former one assessed to have 50% higher weight than the later one. There are three secondary criteria considered important enough to be included in the AHP model: (1) possibility of cofinancing of the investment in transition to 20 kV by local industries that are customers at 10 kV level, (2) experience of the employees in the transition from 10 kV to 20 kV and (3) existence of the 20 kV network in the surrounding that could enable mutual connection and increase on continuity of supply. The relative weights are assessed to be 0,409, 0,364 and 0,227 respectively. The comparison of the main criteria is done on the pairwise manner using Saaty scale 1-9, as shown in grey cells in Table 1 . The cells below the diagonal are simply reciprocal values of the corresponding cells above the diagonal. The resulting weights (priority vector) are shown in the last column. The most important criteria is preparedness of the network, closely followed by the combined load+trend criteria. Preparedness is important because it represents the long term nature of the transition from 10 kV to 20 kV process as its probably the single most important feature. Load of the network is connected with the expected benefits of the transition to 20 kV voltage level. Voltage quality and continuity of supply are assessed to be less important criteria primarily because of availability and quality of the data. Once those data are systematically collected, the corresponding criteria should definitely get higher weights, closer to the first two criteria. Moreover, the voltage drop in the 10 kV network could somehow be included in the load criteria, because it is often the main cause of the need for the overhead network upgrade. The secondary criteria, as indicated by its name, is the least important.
Classification and scoring by criteria
The alternatives to be considered against the defined criteria within the AHP model are about 80 basic distribution areas (or 24 of them in this paper). Since this is quite a large number to be processed one-by-one in pairwise comparison, within every criteria ranges are defined so that all the alternatives falling within one range have the same score. Scores themselves are defined as numbers in the range [0,1] and they are the result of the pairwise comparisons of different ranges using Saaty scale 1-9. In Table 2 the example of ranges, their pairwise comparison and the final scores (priority vector) is shown for the preparedness criterion. Table 2 : Classification into ranges and scoring by Saaty
The result of such a procedure for all the criteria is given in the Figure 1 . The ranges are defined differently for each criterion, depending on the values of the indicators for all 24 observed alternatives (basic distribution areas). For the criteria assessed to be more important larger number of ranges is assigned. Ranges within one criteria are designed more or less linearly, i.e. equal one to another, except in cases where a significant grouping if the alternatives prevents it (voltage quality and continuity of supply). Naturally, scores corresponding to the specific ranges, are not linear, but the result of the pairwise comparisons of the ranges using Saaty scale. This is the crucial feature, the essence of the AHP model. The result of AHP model
The result of the model is a classification of the alternatives into three groups, green, yellow and red one according to the traffic light analogy, shown in Figure 2 . The selected green distribution areas are candidates for the immediate initiation of the transition to 20 kV. The actual decision has to be taken only after conducting all the necessary studies. Table 3 gives a much more detailed view on the topic, because not only the final result but also priorities by all the criteria are given.
CONCLUSION
The AHP method was used to model the problem of prioritizing the investment into transition from 10 kV to 20 kV voltage level. Four main criteria for the decision making were recognized, with the preparedness for 20 kV and the combination load+trend assessed to be the most important ones. The simplification of definition of ranges by all the main criteria is used to enable application of the model to many alternatives that had to be considered.
Further improvement of the model is possible by incorporation of the costs of the transition from 10 kV to 20 kV, either in the model itself, or, even better, as a benefit/cost analysis, with the result of AHP model being considered as the "benefit". The further step forward could be application of the portfolio management method. 
